Summary.-Membrane fractions were isolated from homogenates of an aminoazo dye induced rat hepatoma (hepatoma D23) by sucrose density gradient centrifugation in zonal rotors. The membrane fractions retained tumour specific antigenic determinants and exhibited an increased antigenic activity over other subcellular membrane fractions, as defined by their capacity to quantitatively neutralize the membrane immunofluorescence staining of viable hepatoma D23 cells by antibody in tumour immune serum. In contrast, no antigenic activity was found to be associated with purified hepatoma D23 nuclei or nuclear membranes as evaluated by the in vitro antigen assay.
Summary.-Membrane fractions were isolated from homogenates of an aminoazo dye induced rat hepatoma (hepatoma D23) by sucrose density gradient centrifugation in zonal rotors. The membrane fractions retained tumour specific antigenic determinants and exhibited an increased antigenic activity over other subcellular membrane fractions, as defined by their capacity to quantitatively neutralize the membrane immunofluorescence staining of viable hepatoma D23 cells by antibody in tumour immune serum. In contrast, no antigenic activity was found to be associated with purified hepatoma D23 nuclei or nuclear membranes as evaluated by the in vitro antigen assay.
The two methods described for the isolation of hepatoma D23 membranes have been developed for the large scale fractionation of tumour homogenates in order that further studies upon the nature and immunogenicity of membrane associated tumour specific antigens may be resolved using defined membrane preparations of increased antigenic activity.
CONSIDERABLE attention is being directed towards the isolation of neoantigens associated with experimental animal tumours, with a view to defining their physicochemical characteristics and molecular expression at the cell surface and also to evaluating their potential for stimulating a tumour immune response. One approach has employed procedures such as papain digestion or salt extraction to liberate water soluble fractions from intact cells or crude membrane preparations. This has resulted in the isolation of antigenically active products from a number of tumours including aminoazo dye induced hepatomata (Baldwin and Glaves, 1972; Baldwin, Harris and Price, 1973c; Harris, Price and Baldwin, 1973) and sarcomata induced with 3-methylcholanthrene in rats (Thomson and Alexander, 1973 ) and guinea-pigs (Oettgen et al., 1968; Suter et al., 1972) . These preparations, however, are frequently grossly contaminated by non-antigenic subcellular materials which are also liberated by the extraction procedure so that separation of closely similar products from tumour antigen is difficult.
Although solubilized tumour extracts have been shown to retain tumour antigenic activity, in general, they have not proved to be effective for the induction of tumour immune rejection responses. This is exemplified by studies with papain solubilized extracts of the aminoazo dye induced rat hepatoma D23 which retain tumour specific antigen, as assayed by the neutralization of antibody or sensitized lymphoid cells from tumour immune donors (Baldwin and Glaves, 1972; Baldwin et al., 1973c, d) . These fractions also elicit tumour specific humoral antibody in syngeneic hosts, but this form of immunization has not resulted in the development of significant protection to tumour challenge. This may reflect specific requirements for immunogenicity, defined as the capacity to elicit tumour rejection responses, which are not met when hydrosoluble tumour antigens are employed. An alternative approach may be to use tumour membrane fractions in which tumour antigen orientation or presentation may approximate more closelv to that of the intact cell. This was initially adopted in studies on the immunogenicity of crude membrane fractions from rat hepatomata (Baldwin, Embleton and Moore, 1973a) . The principal immune response was, however, the development of tumour specific antibody, the cell mediated response being weak, and rats so immunized did not reject tumour challenge. The membrane preparation used in this investigation consiste(I essentially of a tumour homogenate from which nuclei and soluble cytoplasmic protein had been removed by differential centrifugation, and this fraction therefore contained plasma membrane elements as well as a variety of subcellular organelles and intracellular membranes (Baldwin and AMoore, 1969) .
In the present report, methods are described for the initial fractionation of homogenates from large amounts (up to 100 g) of hepatoma tissue by sucrose density gradient centrifugation in zonal rotors. The objective of this investigation was to isolate membrane fractions which exhibit increased antigenic activity (as defined by an in vitro antigen assay) over other subcellular fractions prepared so that these techniques would provide material suitable for subsequent antigen isolation and characterization. The immunological characteristics of these tumouir membrane preparations are described in the second conmmunication (Price and Baldwin, 1974 Isolation of membranes by A-XII zonal centrifugation. Chopped hepatoma D23 tissue was passed 3 times through a tissue press (Harrison Type 1 tissue mincer) using coarse, medium and finally 60 mesh stainless steel grids. The minced tissue, suspended in 1 mmol/l NaHCO3, 2 mmol/l CaCl2, pH 7-6 at 4 ml/g of tumour, was homogenized using a Potter-Elvehjem homogenizer. After 10 complete passes with a loose pestle (approximately 0 4 mm clearance), any remaining large cell clumps and connective tissue were removed by filtration through a 60 mesh stainless steel screen. Approximately 900o cell disruption (as judged by phase contrast microscopy) was finally effected after 5-10 passes with a tight pestle (approximately 0-2 mm clearance). The suspension was filtered twice through a 120 mesh stainless steel screen. At this stage, aliquots (2 ml) were retained for assay of antigen activity. These were sedimented by centrifugation at 78,000 g for 30 min and resuspended in homogenization medium to give a " total subcellular particle" (TSP) fraction. The remaining homogenate was centrifuged at 1000 g for 12 min and the pellets (nuclear fraction) resuspended in homogenization medium (50-100 ml). The sediment obtained by centrifugation of the 1000 g supernatant at 78,000 g for 30 min was resuspended in ho,mogenization medium to give an ' extranuclear membrane" (ENM) preparation.
The following sucrose solutions (in 1 mmol/l NaHCO3, pH 7.6) were introduced to the periphery of the M.S.E. A-XII zonal rotor (previously filled at rest with 1 mmol/l NaHCO3, pH 7-6, and precooled to 4°C) at a loading speed of 500 rev/min in an M.S.E. Mistral 6L refrigerated centrifuge at 4°C: 250 ml 6% (w/w), 100 ml 20% (w/w), 200 ml 20-300% (w/w) (linear with respect to volume), 450 ml 30-390o (w/w), (linear with respect to volume), 50 ml 50% (w/w) and 250 ml 60% (w/w). An M.S.E. fixed profile gradient former was used to generate linear gradients. Tlhe sample, 50-100 ml of the nuclear fraction (1000 g pellet suspension) wN-as introduced to the centre of the rotor followed by sufficient 1 mmol/l NaHCO3, pH 7 6, to give a sample plus overlay volume of 150 ml. After centrifugation at 4000 rev/min for 30 min, the rotor speed was reduced to 500 rev/min and the contents were unloaded by displacement with 60% (wA-/w ) sucrose.
Fractions were collected in 25 ml aliquots and examined using phase contrast microscopy. Twro fractions, the A-XII zonal sample zone (tubes 3-10) and the membrane zone (tubes 26-36) wNre7e diluted wAith 1/3 volume of 1 mmol/l NaHCO3, pH 7 6, and centrifuged at 78,000 g for 30( nwin. The pellets were resuspended in 1 mmol/l NaHCO3, pH 7-6.
Isolation of qnu,n?brane,s by B-XI V zonal centrifutgation.-All sucrose solutions used in these preparations contained 1 mmol/l NaHCO3, 2 mmol/l CaCl2, 2 mmol/l MgCl2, pH 7-6. Chopped hepatoma D23 was suspended in 0-25 mol/l sucrose at a concentration of 4 ml/g tissue. The tissue wNas dispersed into a suspension containing predominantly single cells using an Ultraturrax homogenizer operated at approximately 1/3 maximum output for 5 min intervals with cooling to 0°C. Filtration through a 60 mesh stainless steel screen removed any remaining large clumps of cells and much connective tissue debris. Approximately 9000 cellular disruption wNas finally achieved by 5 complete passes using a Potter-Elvehjem homogenizer and tight pestle (approximately 01 mm clearance). Following filtration through a 120 mesh stainless steel screen, the suspension w-as centrifuged at 1000 q for 30 min. Nuclear pellets were resuspended in 60% (w/wr) sucrose to a concentration of 2 ml/g original hepatoma tissue. The 1000 g supernatant was sedimented at 78,000 g for 30 min and resuspended in 1 mmol/l NaHCO3, 2 mmol/l CaCl2, 2 mmol/l MgCl2, pH 7-6, to
give an " extranuclear " membrane (ENM) preparation.
The M.S.E. B-XIV zonal rotor wN!as filled at rest with 1 mmol/l NaHCO3, 2 mmol/l CaCl 2, 2 mmol/l MgCl2, pH 7-6 and precooled to 4°C. At a loading speed of 2000 rev/min, 150 ml of 8% (w/w) sucrose (0-25 mol/l) and 200 ml of 37.2% (w/wAr) sucrose (d 1 17) were introduced to the edge of the rotor. The sample suspension of the nuclear pellets, which was approximately 5500 (w/w) w ith respect to sucrose concentration, followed by sufficient 60% (w/w) sucrose to give a sample plus underlay volume of 250 ml, were pumped to the periphery of the rotor, which was then accelerated to 47 x 103 rev/min for 60 min. After reduction of the rotor speed to 2000 rev/min, the contents were unloaded by displacement w-ith 60% (w/w) sucrose. Fractions were collected in 25 ml aliquots, and those containing the membrane zone (tubes 6-12) were pooled, diluted with 1/3 volume of 1 mmol/l NaHCO3, 2 mmol/l CaCl2, 2 mmol/l MgCl2, pH 7-6 and centrifuged at 78,000 g for 30 min. Membrane pellets w%ere resuspended in 1 mmol/l NaHCO3, 2 mmol/l CaCl2, 2 mmol/l MgCl2, pH 7 6, and this suspension wNas taken as the purified membrane material.
Preparation of hepato;na D23 nuclei and nuclear meembranes. Purified hepatoma D23 nuclei and nuclear membranes were prepared according to previously reported methods (Price, Harris and Baldwin, 1972) .
Antigen assay.-The membrane immunofluorescence test was performed with viable hepatoma D23 cells in suspension as previously described using sera from rats immunized with y irradiated (15,000 rad) hepatoma D23 grafts (Baldwin and Barker, 1967b Antigenic activity associated with cell membrane fractions or purified nuclei was assayed by their capacity to absorb specific antibody from hepatoma D23 immune serum, as measured by the membrane immunofluorescence test. Membrane fractions of known protein concentration were sedimented at 105,000 g for 30 min and the supernatants were discarded. The pellets were resuspended in tumour immune serum and absorption wx-as carried out for 18 h at 4°C. Membrane material was then sedimented by centrifugation at 105,000 g for 60 min and the absorbed serum collected. For absorption of serum by purified nuclei, all centrifugations were performed at 600 g for 15 min. Absorbed serum samples, together with unabsorbed serum and normal rat serum as controls, were then examined for membrane immunofluorescence staining of viable hepatoma D23 cells.
Protein determination.-Protein concentration was determined bv the method of Lowry et al. (1951 
RESULTS

Fractionation of hepatoma D23 homogenates
Rate dependent A-XII zonal centrifuqation. Preliminary experiments employing 1 mmol/l NaHCO3, pH 7 6, as an homogenization medium for minced hepatoma D23 tissue resulted in the production of highly aggregated suspensions following resuspension of the nuclear sediment (1000 g pellets of homogenates) in this buffer. Phase contrast microscopic examination of these suspensions revealed that many nuclei were swollen and were trapped in gelatinous clumps. With the addition of 2 mmol/l CaC12 to the homogenization medium (according to Emmelot and Bos, 1966) nuclear integrity was maintained to a greater extent and more dispersed suspensions were obtained.
Suspensions of the nuclear pellets from hepatoma D23 homogenates prepared in the presence of 2 mmol/l CaC12, were subjected to rate dependent centrifugation through a 20-39%o (w/w) sucrose gradient in an A-XII zonal rotor. Figure   1 The absorption of anti-hepatoma 1D23 antibody from tumour immune serum by these fractions, as assayed by inhibition of membrane immunofluorescence staining of hepatoma D23 cells, is shown in Fig. 2 . Reduction of the fluorescence index (F.I.) to 0 3, this being taken to represent significant neutralization of specific antibody, required absorption with 31 mg protein/ml serum of the nuclear fraction. Since a greater amount (73 mg protein/ml) of the total subcellular particulate fraction was required for antibody absorption, initial centrifugation (1000 g for 12 min) increased the specific antigenic activity in the sedimented nuclear fraction whilst the extranuclear membrane (ENM) fraction (prepared from the 1000 g supernatant) was proportionately less antigenic.
In this case, absorption with greater than 100 mg membrane protein was required to produce significant neutralization of specific antibody. In view of the limitations of the A-XII zonal membrane preparation, a second preparative procedure was developed in which particular attention was paid to preserving nuclear integrity. The 0-25 mol/l sucrose homogenization medium and all sucrose solutions used in the B-XIV zonal fractionation contained 1 mmol/l NaHCO3, 2 mmol/l CaCl2, 2 mmol/l MgCl2, pH 7-6, and at no stage during the preparation of the membrane fraction were nuclei exposed to a hypotonic environment or the absence of divalent cations.
The nuclear pellets prepared from hepatoma D23 homogenates by centrifugation at 1000 g for 30 min were dispersed in 60% (w/w) sucrose and introduced to the periphery of a B-XIV zonal rotor containing a discontinuous sucrose density gradient (see Materials and Methods). and gradient profiles obtained upon unloading the rotor following centrifugation at 47,000 rev/min for 60 min. In a total of 10 individual membrane preparations from hepatoma D23, a defined zone of membranous material was resolved in 6-7 fractions (25 ml) located within tubes 6-12 (Fig. 3) . This region of the gradient corresponded to the d 1.03/1.17 sucrose density discontinuity. The recovery of material in this membrane fraction was approximately 0 4 mg of protein/g of original hepatoma D23 tissue.
Examination of the material from the membrane zone of the gradient (tubes 6-12) by electron microscopy, using both negative contrast staining and thin sectioning techniques, revealed that this fraction consisted of smooth vesicular and fragmented membrane elements which were predominantly in small aggregates, (Fig. 4) . The only morphologically identifiable contaminants of these preparations were mitochondria which were occasionally found localized at the centre of the larger membrane aggregates (Fig. 4) . When the membrane fraction was sedimented by centrifugation (78,000 g for 30 min and resuspended in divalent cationfree medium (1 mmol/l NaHCO3, pH 7.6) no aggregation of material occurred.
In one preparation of hepatoma D23 membranes; aliquots of the membrane fraction were subjected to isopycnic sucrose density gradient centrifugation.
The membrane suspension recovered from the B-XIV zonal gradient (tubes 6-12) was diluted with 1/3 volume of 1 mmol/l NaHCO3, 2 mmol/l CaCl2, 2 mmol/l MgCl2, pH 7-6, and examined for hepatoma D23 specific antigenic activity. These fractions were as follows: (1) the total subcellular particulate preparation, sedimented from the whole homogenate at 78,000 g for 30 min; (2) the nuclear fraction sedimented from the whole homogenate by centrifugation at 1,000 g for 30 min; (3) the extranuclear membrane fraction, sedimented from the 1000 g supernatant by centrifugation at 78,000 g for 30 min; (4) the membrane zone (tubes 6-12), isolated following centrifugation in the B-XIV zonal rotor. Figure 5 illustrates the absorption of anti-hepatoma D23 antibody by these fractions, as determined by reduction of the membrane immunofluorescence staining of viable hepatoma D23 cells. Initial centrifugation of the whole homogenate at 1000 resulted in the sedimentation of a fraction (nuclear fraction) which exhibited increased antigenic activity compared with the total subcellular particulate preparation. The membrane preparation obtained following B-XIV zonal centrifugation was, however, the most active antigenic fraction examined and only 8 mg of membrane protein/ml serum were required for significant neutralization of specific antibody.
Hepatoma D23 nuclei
In the two procedures adopted for the isolation of hepatoma D23 membranes, the most antigenic preparations were fractionated from nuclear sediments (1000 g pellets) of tumour homogenates. Studies were therefore undertaken to evaluate whether tumour specific antigen was expressed on hepatoma D23 nuclei. It was not possible to analyse directly for antigens on isolated nuclei using the membrane immunofluorescence test, since nonspecific uptake of the fluorescent antibody conjugate into the nucleoplasm prevented identification of any specific interactions. However, absorption of
hepatoma D23 immune serum with nuclei (5 X 108/ml serum) did not result in any demonstrable reduction of the serum F.I. (absorbed serum F.I., 0 63, unabsorbed serum F.I., 0.63). In comparison, pretreatment of serum with between 106 and 10 7 viable hepatoma D23 cells was sufficient to reduce the F.I. of immune serum to below 0 3, this being taken as the minimum value to represent a significant membrane immunofluorescence reaction. Furthermore, absorption of the standard hepatoma D23 immune serum (F.I., 0 72) with purified hepatoma D23 nuclear membranes (35 mg protein/ml serum) failed to effect significant neutralization of serum antibody (F.I., 0.53). These studies indicate that hepatoma D23 antigen is not demonstrable upon the nuclear membrane of the tumour cell.
DISCUSSION
The present studies demonstrate that defined membrane preparations retaining hepatoma D23 specific antigenic activity may be isolated on a large scale from hepatoma homogenates by sucrose density gradient centrifugation in zonal rotors. These membrane fractions were obtained from the nuclear sediment either by rate dependent centrifugation in an A-XII zonal rotor or by flotation through sucrose solutions of d 1 17 in a B-XIV zonal rotor and, in both cases, the isolated preparations displayed an approximate ten-fold increase in hepatoma D23 specific antigenic activity compared with the total subcellular particulate fraction of homogenates. In contrast, no antigenic activity was found to be associated with purified hepatoma D23 nuclei or nuclear membranes.
The preparative procedure utilizing the B-XIV zonal rotor proved to be superior in its reproducibility and allowed the recovery of membrane fractions conitaining few morphologically identifiable contaminants. However, the two zonal procedures share a significant common feature in that essentially equivalent subcellular fractions isolated by both preparative methods exhibited the same order of antigenic activity, as defined by their capacity to absorb specific antibody from hepatoma D23 syngeneic immune serum. This order of antigenic activity of subcellular fractions was as follows: membranes taken from the zonal rotor > the nuclear sediment > total subcellular particulate fraction > extranuclear membrane fractions.
The methods developed for the isolation of antigenic membrane fractions are based primarily upon techniques previously used for the preparation of rat or mouse liver plasma membranes. Several authors have reported the use of the A-XII zonal rotor for rate dependent fractionation of the nuclear sediment of liver homogenates (reviewed by Hinton, 1972) and in liver fractionation-studies, the 1 mmol/l NaHCO3 (pH 7.6) homogenization medium, originally described by Neville (1960) for rat liver plasma membrane isolation, has been found to be satisfactory (Emmelot et al., 1964; Song et al., 1969; Evans, 1970) . When applied to chemically induced rat hepatomata, however, nuclear disruption is promoted with the subsequent formation of a nucleoprotein gel, thus preventing, the isolation of a plasma membrane fraction (Emmelot and Bos, 1966; Price et al., 1972) . The integrity of hepatoina D23 nuclei was found to be more adequately preserved with the addition of divalent cations to the homogenization media; nevertheless, the experiments using the A-XII zonal procedure emphasize the particular lability of hepatoma D23 nuclei in hypotonic media even though 2 mmol/J Ca++ was included in the 1 mmol/l NaHCO3 homogenization buffer. Although these studies showed that membranes of increased antigenic activity could be isolated by sucrose density gradient centrifugation in an A-XII zonal rotor, the final membrane material was contaminated with partially intact nuclear membranes identifiable by phase contrast microscopy.
The procedure developed for the preparation of antigenic hepatoma D23 membranes using a B-XIV zonal rotor was based upon the method reported by Touster et al. (1970) for the isolation of rat liver plasma membranes. With this latter technique, plasma membranes were prepared from either nuclear or microsomal fractions of homogenates after flotation through a discontinuous sucrose density gradient, and membranes were collected from an interface between a 3720o (i.e. d 1.17) sucrose gradient solution and a 0 25 mol/l sucrose overlay solution. This method involved the use of a swing-out rotor which, compared with high speed zonal rotors, has a considerably lower loading capacity. Thus, by adapting the method of Touster et al. (1970) to incorporate fractionation in a zonal rotor, it was feasible to prepare hepatoma D23 membranes from the nuclear sediment from up to 100 g of tumour tissue. With these experiments, homogenization was performed in isotonic sucrose solutions containing low concentrations of Ca++ and Mg++ since this medium has previously been shown to be suitable for the preservation of hepatoma D23 nuclei (Price et al., 1972) . The membranes isolated using this method again exhibited an increased antigenic activity compared with other subcellular fractions obtained and the only identifiable contaminants to the preparations were mitochondria which were occasionally seen in the electron microscope at the centre of discrete membrane aggregates. The isopycnic banding density of the hepatoma D23 membranes in continuous sucrose density gradients after centrifugation in a swing-out rotor was 1-14 when experiments were performed in the absence of Ca++ and Mg++, this value being equivalent to that reported by Touster et al. (1970) (Baldwin and Embleton, 1971; Baldwin et al., 1973b) . Also, the finding that tumour specific antigens may be solubilized by enzymic treatment of intact cells indicates a surface localization for these antigens (Harris et al., 1973) .
Similar evidence has been put forward to support the proposition that transplantation antigens are located at the surface membrane of mammalian cells and several studies have attempted to correlate the antigenic activity of subcellular fractions with enzymic markers which are considered to be characteristic of the plasma membrane and other subcellular organelles. It may be concluded from these investigations that while H-2 antigens may be expressed to some extent on internal membrane elements (including the nuclear membrane, Albert and Davies, 1973) , there is often a high enrichment of these antigens in the surface or plasma membrane fractions (Herberman and Stetson, 1965; Haughton, 1966; Ozer and Wallach, 1967; Molnar, Klein and Friberg, 1973 
